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HW1c¢ NGS Workflows for Forensic Genetics
Type: Half Day Workshop, Lecture
Date & Time: Monday, 9 September (91(800)

Peter M. Vallone, Ph.D.
Leader, Applied Genetics Group NIST
September 9, 2019
Prague, Czech Republic
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Our day together (4 hours)

A9:00¢ 10:30 AM: Introduction & Workflow 1
A10:30¢ 11:00 AM: Coffee Break!

A11:00 AMc 1:00 PM: Workflows 2 & 3

Slides and supporting information can be found at:
Google drive link
https://drive.google.com/drive/folders/icbgsnBaEgivRKYIxNr2r2L tBFibvafvk

Or use

https://tinyurl.com/yyfweS8jc

This information was sent out by email prior to the workshop



https://drive.google.com/drive/folders/1cbqsnBaEgivRkYIxNr2r2LtBFibvafvk
https://tinyurl.com/yyfwe8jc
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What is your personal level of experience with NGS/MPS methods?

55 responses

@ Beginner (this is all new to me)
@ Intermediate (| know some aspects)

Expert (I am currently performing
NGS/MPS analyses)
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Is your lab currently performing NGS/MPS analyses?

55 responses

® Yes

® No
@ Paossibly in the future

What marker systems are you interested in sequencing? (you can select
more than one)

55 responses

STRs 43 (78.2%)

SNPs (ldentity, Ancestry,

0y
Phenolype) 41 (74.5%)

Mitochondrial genome 27 (49.1%)
Oncogenes 1(1.8%)
Microhap 1(1.8%)
RNAR—1 (1.8%)

Epigenetic markers 1(1.8%)
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What best describes your position?

55 responses

@ Forensic caseworker
@ Commercial vendor
@ Researcher

® Student

@ Trainee

@ Research Analyst
@ Software specialist
@ Lab technician
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WHY

ARE W

A There is an interest in sequencing as a forensic workflow
A PCRSequencing

A Differs from traditional PGRE workflow
A How?
A What is the same?
A What is different?

Why sequence?
AMore markersc higher multiplexing capabilityversus Cased methods)
AMore informationc more markers and sequence level resolution

AENd goalAccess to this additional information will support forensic
casework applications
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Why sequence STRs?

ASequencing of STRs

A STR motif sequence variation; flanking region variation (more polymorphic)

A Further understand simple versus complex repeat motifs
A Characterize stutter

AApplications

A One to one matching® RMPs with 20 STR markers are already quite low3%10

A Partial profiles
A Kinship

A Lengthbased allele calls are back compatible with existing databases

AMixtures
A Resolve alleles identical by length, but differ by sequence

A Separate stutter from low level contributors (based on sequence)
A A sequenced allelmayhave a lower frequency (resulting in a higher LR)

Figure 5
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Sequencing other marker systems: applications

AMitochondrial DNA sequencing Higher throughput than Sanger methods

AControl region and/or full genome Measure lower levels of heteroplasmy
Easier workflow ?

ASNPs
A Ancestry, Identity, Phenotype, Microhaplotypes (closely linked SNPs)

Aln the future?

ANontargeted sequencing, RNA targets, metagenomics, epigenetics
ANew technologies, methods, marker systems

A 0003: DEVELOPMENT AND OPTIMIZATION OF THE VISAGE PROTOTYPE TGEQS RAOR-B
ANCESTRY AND APPEARANCE TRAITS INFERENCE USING TARGETED MPS

A 0007: COMPARISON OFANID MPSBASED ANALYSES OF FORENSIC MARKERS WITH SINGL
WHOLE GENOME AMPLIFICATION

A 0008: PRESENTATION OF THE HUMAN PIGMENTATION (HUPI) AMPLISEQ CUSTOM PANEL

A 0009: PREDICTIVE DNA ANALYSIS OF HUMAN HEAD HAIR GREYING USKOMEHNDETARGE
NGS DATA EXAMINED WITH DEEP LEARNING METHODS

A 0010: A COMPARISON OF DNA METHYLATION TECHNOLOGIES AND PERFORMANCE OF AGE PREDICTION MODELS

A 0015: COMPARISON OF CE AND MPS BASED ANALYSIS FOR THE PROBABILISTIC INTERPRETATION OF MIXED STR PROF
A 0017: THE FIRST MFER BASED CONVICTION IN A CRIMINAL CASE?

A 0018: ENHANCING STR SEQUENCE ALLELE REPRESENTATION FOR PROBABILISTIC GENOTYPING

A 0019: A MASSIVELY PARALLEL SEQUENCING ASSAY OF MICROHAPLOTYPES FOR MIXTURE DECONVOLUTION

A 0059: TAXONOMXDEPENDENT DEEP LEARNING MICROBIOME APPROACH FOR ACCURATE CLASSIFICATION OF
FORENSICALLY RELEVANT HUMAN BIOMATERIALS USING TARGETED MPS

A 0060: PERFORMANCE OF ENVIRONMENTAL DNA METABARCODING IN SOIL TRACE MATCHING AND PROVENANCING

A 0063: SPECIES IDENTIFICATION USING MASSIVELY PARALLEL SEEUEBTNGMULTIPLE SPECIES IN MIXED
SOURCES

A 0065: WHOLBENOME SEQUENCING OF NEISSERIA GONORRHOEAE IN A FORENSIC TRANSMISSION CASE
A 0066: WHOLE TRANSCRIPTOME ANALYSIS OF AGED BIOLOGICAL CRIME SCENE TRACES
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| RRAGAZ2Y I E NBfIFIGISR 4

HWS8 - Autosomal STR Genomics 101: Sequence Variation and Nomenclature

Organiser: Katherin
Date & Time: Tuesday,
Capacity: 60pax

Workshop type: Lecture

e Gettin

HW® - Forensic DNA Phenotyping: basics of data acquisition and interpretation

Organiser: Wojclech Branicki

Date & Time: Tuesday, 10 September (14:00-18:00)

Capacity: 100pax !

Workshop type: Lecture FWS3 - Population analysis of forensic DNA data using Snipper and STRUCTURE

Organiser: Christopher Phillips & Leonor Gusmao

Date & Time: Monday, 9 September (14:00-18:00) & Tuesday, 10 September (2:00-13:00)
Capacity: 40pax

Workshop type: Hands-on

Targeted Sequencing
A2S grakK (2 aSljdz2SyO0S WwW2dz2NX YI N S

A,Edz YAIKEG wasSsSQ GKSasS Yl NJ[SNﬁ A
ALow coverage
Alssues with STR regions And would require more sample 100 gd. pg
ACan be more bioinformatically challenging
ALYSTFAOASY(H dzaS 2F GUKS &aSljdzSyOoAay3a 4

AC2NJ y2g XAl asSSya GKIFdG FT2NByaao
approach
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Is Sequencing more sensitive?
AMore sensitive than what? @ased testing?

ATargeted sequencing is P8&sed
A still using PCR, stochastic effects are encountered at low amounts of DNA

A Expect similar levels of sensitivity (in terms of generating PCR products)

AP{ SYyaruArodSQ Oly Ftaz2z NBfILIGS G2y Y43
matching statistics

ASequencing methodsay allow for a deeper understanding of S/N and
artifacts

Comparing workflows targeted sequencing

PCRCapillary Electrophoresis

285Qff ALISYR Y2ad 2

PCRSequencing
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Library preparation

mmmmm

B IDIDIDXD
PCR or ligatio

DSYSNIft XgSQftt 3ISG Ayd2 aLISOA

Goal: prepare PCR products for sequencing

Outline for today

We will discuss various sequencing workflows

1. Sequencing method: targeted PCR & library preparat|on
2. Sequencing platform
3. Data analysis: brief examples

10
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Select listing of commercial sequencing workflows

Assay Platform Associated Markers
Software

ForenSeq DNA Signature Prep Kit
ForenSeq mtDNA Control Region Solution
PowerSeq 46GY System
PowerSeq CRM Nested System, Custom
Precision ID SNP Identity Panel
Precision ID SNP Ancestry Panel
Precision ID STR GlobalFiler NGS STR Pane
Precision ID mtDNA Whole Genome Panel
Precision ID mtDNA Control Region Panel
SNP Phenotype Panel
GeneReader DNAseq Targeted Panels V2

UAS = Universal Analysis Software

MiSeq FGx auSTRs, Y STRs, X STRs and SNPs
MiSeq FGx UAS Mitochondrial control region (WG soon’
MiSeq Open auSTR and Y STRs
MiSeq Open Mitochondrial control region (and WG )
S5 Converge Identity SNPs
S5 Converge Ancestry SNPs
S5 Converge Autosomal STRs
S5 Converge  Whole mitochondrial genome
S5 Converge Mitochondrial control region
S5 Converge SNPs

lllumina/S5 CLCBieopen Mito, SNPs

List not exhaustive just some common examples

Focus of the NGS workflows for today

assay

ForenSeq

DNA Signature
Prep Kit

Verogen/lllumina

PowerSeq

Promega/lllumina SEaaagy

Precision

Thermo Fisher ID Panels

instrument

markers

software

Universal
Analysis
Software (UAS)

STRait Razor
toaSTR

Converge

Time permitting we will also discuss mitochondrial control region and whole mito genome sequencing

11
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Additional Sequencing Technologies

AQIAGEN GeneReader
ASequencing by synthesis approach
AQIACube NGS (for automated library preparation
AQIAGEN has also purchased CLC bio

AOxford Nanopore (MinIOI\»»--.f...v..ﬁ.g@w \
ARatcheting strand of DNA
through a protein manifold
ABases are detected by a
difference in current

Additional Sequencing Technologi

APacBio

ABases are incorporated and detected in rtale
ANo PCR needed e
ALong reads 1000s of bases [Fm e

Aluminum

e &
u N Glass

Excitation et

https://www.pacb.com/wp-content/uploads/Infographic SMRJequencingHow-it-Works.pdf

12


https://www.pacb.com/wp-content/uploads/Infographic_SMRT-Sequencing-How-it-Works.pdf
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Disclaimer

Al am not covering all possible workflows that might apply to forensic genetics

Al hope that the ones we discuss to today are useful to illustrate the methods and
techniques you will encounter

ANot my intention to suggest that one method or platform is best

Alt is up to you to decide want you need (cost, time, steps, automation,
information, ease of use, throughput, data, marker systems, etc.)

AMore information can be found in the manuals and specific literature

Acknowledgments
AVerogen ANIST
AJohn Walsh ¥ AKevin Kiesler
AMeghanDidier ASarah Riman
AMelissa Kotkin AKatherine Gettings
AThermo Fisher Alisa Borsuk
AMatt Gabriel ) gafELIED
AChantal Roth SeeeFisher G CENT
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ASebastian Ganschov4 s ~on
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NGSwvorkflow #1

assay instrument

ForenSeq
Verogen/lllumina A \SSEIEITE
Prep Kit

software

Universal
Analysis
Software (UAS)

markers

14
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C2NBY{SIlixn 5b! {WMiSefFGKf(

Table 1: ForenSeq DNA Signature Prep Kit—Forensic Loci
Included Included
Amplicon in DNA in DNA
Number of Size Range Primer Primer
Feature Markers? (bp) Mix A Mix B?
Global Autosomal 27 61-467 Yos Yo
_a .
STRs ¢
Y-STRs 24 119-390 Yes Yes
X-8TRs 7 157-462 Yes Yes
Identity SNPs 94 63-231 Yes Yes
Phenotypic SNPs 22 73-227 No Yes
Biogeographical - . .
Ancestry SNPs 56 67-200 No Yes
a. SNP and STR chromosome locations can be found in the ForenSeq DNA Signature
Prep Kit Reference Guide.
b. Over 200 markers analyzed when running primer set B

Jager AC, Alvarez ML, Davis CP, et al. Developmental validation of the MiSeq FGx Forensic Genomics System for tangettnesdogiencing in forensic

DNA casework and database laboratories. ForeBsint. 2017;28: 5270

What is the overall goal of library preparation?

ATo prepare the PCR products for the sequencer

z

Al LIGdzNE | wayl LlAK23GQ 2F GKS t/ w

AWe want to avoid
AAny bias that favors a product based on size, sequence, abundance
AUneven yields or representation across samples
Alnefficient use of the sequencing capability

15
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ForenSeq (Sequenced on MiSeq FGx)

Targeted PCR Enrich Targets
(tags added) (indices added

Denature and
prepare for Pool libraries
loading

Normalize
libraries

22N] Ff26Y C2NBY{Sliun|5b! {A3IylFddz2NBE t NBLI 1A
Step: Targeted PCR (PCR 1) Target 1 ng of gDNA
Purpose: Targeted amplification of STRs/SNPs 18 PCR cycles

5 pL of DNA extract
% PCR1
fPrimer

15 pL total volume
Target Region

Amplified Target\ ~

fPrimer Target Region rPrimer

16
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22N] FEt26Y C2NBY{Slin 5b! {AAYIl {dNB tNS%war%ducts
Step: Enrich targets (PCR 2) 15 pL volume
Purpose: Add indices and P5/P7 sequences to the PCR praducts 15 PCR cycles

Perform in a different room
(not in the original PCR 1 environment)

Seq2
Complement
Seql Wil Target Region rPrimer
| i5 index}——>
Seql
Complement

Enrich targets, add indices
and P5/P7 sequences

fPrimer Target Region rPrimer

tpY p4 t'1¢ D!'¢ !'/ D D/ D !
I n d eX Ad apte rS P7:5' CAA GCA GAA GAC GGC ATA CGA GAT 3'

A501 TGAACCT R701 ATCACG

A502 TGCTAAGT R702 CGATGT

A503 TGTTCTCT R703 TTAGGC

A504 TAAGACAC R704 TGACCA

A505 CTAATCGA R705 ACAGTG

A506 CTAGAAC/ R706 GCCAAT

A507 TAAGTTCC R707 CAGATC

A508 TAGACCT/ R708 ACTTGA

R709 GATCAG

R710 TAGCTT

A Columns 1-12: Index 1 (i7) adapters (orange caps) R711 GGCTAC
B Rows A-H: Index 2 (i5) adapters (white caps)

C FSPplate R712 CTTGTA

BESIN 5 index—>

17
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96 unique combination can be created from
the eight i5 and twelve i7 indices

R701 R702 R703 R704 R705 R706 R707 R708 R709 R710 R711

R712

A501A501 R70JA501 R702A501 R708A501 R704A501 R70%A501 R706A501 R707A501 R708A501 R709A501 R710A501 R71

JAS01 R71;

A502A502 R70JA502 R702A502 R708A502 R704A502 R70%A502 R706A502 R70VA502 R708A502 R709A502 R710A502 R71

JAS02 R71;

A503A503 R70JA503 R70PA503 R708A503 R704A503 R705A503 R706A503 R70VA503 R708A503 R709A503 R71PA503 R71

JAS03 R71;

A504A504 R70JA504 R702A504 R708A504 R704A504 R70%A504 R706A504 R70VA504 R708A504 R709A504 R710A504 R71

JAS04 R71,

A505A505 R70JA505 R70PA505 R708A505 R704A505 R705A505 R706A505 R70PA505 R708A505 R709A505 R71PA505 R71

JA505 R71,

A509A506 R70JA506 R70PA506 R708A506 R704A506 R70%A506 R706A506 R707A506 R708A506 R709A506 R710A506 R71

JA506 R71!

A507A507 R70JA507 R702A507 R708A507 R704A507 R70%A507 R706A507 R70VA507 R708A507 R709A507 R710A507 R71

IAS07 R71,

A508A508 R70JA508 R70PA508 R708A508 R704A508 R705A508 R706A508 R70VA508 R708A508 R709A508 R71PA508 R71

JAS08 R71!

Sample Demultiplexing Using Index Sequences

Muliiptesoeewles ivaiee sequenced together... N
—a.
- . [E——
- . i [ - mm ™
| L - | L | -
- = [ [ [
o - = - - = -
] | - ] [
— o [ | L - - -
- . - . - .
- - - . - -
- - | -_-
- - - - - - - -
- — | - -
- - - | -- - [ [ L
- . . - .
e e
Sample 6 Sample 7 Sample 8 Sample 9 Sample 10
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Slide courtesy of Meghan Didier (Verogen)

18
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Combinations of i5 (8 nt) and i7 (6 nt) will allow for sample barcoding

Forward PCR primer Reverse PCR primer
fPrimer Target Region rPrimer
P5 sequence  Tag that allows STR/SNP Tag that allows ~ P7 sequence
that will bind to  for P5 and i5 to fori7 and P7 to that will bind to
the flow cell be incorporated be incorporated the flow cell
by PCR by PCR
and is the and is the
sequencing sequencing
primer binding primer binding
site site

22N] FE26Y C2NBY{Sliunu 5b! {AAYylI{dNB t NBLI (Al

Step: Purify libraries Prepare bead suspension
Pipette 45 uL of bead suspension into plate

Pipette 45 uL of PCR into bead

Purpose: Purify amplified libraries

Shake 1800 rpm for 2 min

Let sit for 5 min

Place on magnetic stand for 2 min (until clear)
Wash with 200 pL 80% EtQ@H2 times

Add 52.2 uL of resuspension buffer to each well
Shake 1800 rpm for 2 min

Place on magnetic stand for 2 min (until clear)
Recover 50 pL in a fresh plate

Result: purified adapted PCR products

fPrimer Target Region rPrimer

Purified

adapted
libraries are
recovered

PCR
reaction is
mixed with
beads

Adapted
PCR libraries
bind to the
beads

Excess PCR
reagents are
washed off

19



9/8/2019

Beads! Beads! Beads

L

2 K1
Add Crude Sam;\ ﬂ Magnetic Beads
Y

i

o) &3
Polystyrene core surrounded by a layer of magnetite N
coated with carboxyl molecules R™“OH = :

O _H
H{' \/\}O PEG
n

In the presence of PEG and salt (e.g. 20% PEG and 2.5 M NaCl) the

DNA is driven to bind to the negatively charged surface WashDecant \

Wash or clean up (80% EtOH solution)
Resuspend

The ratio of SPRI:DNA can tune the length of DNA fragments bound  :.:- / Eute e

Isolated Analyte

Solid Phase Reversible Immobilization (SPRI)
Paramagnetic = magnetic only in a magnetic field

Capture Analyte

Sample purification and size selection can be accomplished using magnetic bea

o

o

D x x x X X X xX X x

O W © B § @ K © v <

= N N — - o o o o o

i E E E E a As the concentration of beads

. = = . o = decreaseghe size of the DNA
S00bp B - - capturedincreases

S . - - -
300 bp [ -—

https://www.broadinstitute.org/genomesequencing/broadillumin@enomeanalyzefboot-camp

20


https://www.broadinstitute.org/genome-sequencing/broadillumina-genome-analyzer-boot-camp
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22N FE26Y C2NBY{Slinu 5b! {ATyl Gdz2NBE t NBLI 1A
Step: Normalize libraries

Purpose: Ensure that libraries of varying yields are equally represented within the sequencing run
By normalizing the concentration of the libraries, while preserving the content of each libranP 665t
quantification and individual PCR product normalization are not necessary

Mix beads and pure library30 min

Different than the previous purificatiogone strand of the library adaptemay be biotinylated (beads would be coated with streptavidin)

Beads bind a fixed amount of library (ideally without bias; locus/adapter size)
2x EtOH wash

Wash with NaOH which denatures the library adajgtéaving single stranded free in solutiofenatured and ready for pooling)

Recover and add to storage buffer

pooling

Approx. 2 nM of library post bead normalization

. . ) . Normalized
e bound o Pl amount of Binding stranded DNA i, CONCENtation
beads library binds reagents a’e ra wyst i SrYsSINE
30 min to the beads the bead Y

ForenSeq Library Preparation
Bead Normalization

::88:8:22:88 Purified I|br_ar|es:
Q@00@000@0@0® Range of yields
Q000@000@000
000000000000
Q00000000000
000000000000
000000000000

Beadbased Normalization

1. Equal volume of beads added to each well
2. Beads bind equal amount of product per well
3. Excess removed

4. Products eluted off beads

000000000000
Q00
000000000000 ) ) )
000000000000  Normalized libraries:
888888888888 Equally represented
000000000000 .
000000000000 Sample Pooling:

Pool 5 pl of each desired library

Slide courtesy of Meghan Didier (Verogen)

21
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Streptavidin and Biotin

+ W )LNH Biotin
H—Z—S—H
s """"/\/\COOH

Streptavidin (SA)

Target Region

https://en.wikipedia.org/wiki/Streptavidin
https://en.wikipedia.org/wiki/Biotin

Dissociation constank@dy f*4 mn

.A20Ay O2dA R

DNA can be labeled with biotin moieties
Magnetic beads can be coated with SA

The SABiotin complex is stable to
organic solvents, denaturants,
detergents, temperature, and pH

Very useful for biotech separation
applications

rPrimer.

68 FLGdGlrOKSR G 2yS 27

22N] FE26Y C2NBYy{Slin 5b!
Step: Pool libraries

Purpose: Combines equal volumes of normalized library to create a pool of libraries that are sequenced

together on the same flow cell

{ A3yl {dNB

t NBLJ {Ad

Collect and pool normalized libraries

Collect across the plate in a 8 strip tubehen pooled into a single tube

e
s

3

G > - |
Be2e ;

https://www.illumina.com/products/bytype/sequencinekits.html

22
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MiSeq FGx Sequencing

A Preloaded single use reagent cartridge
A Positive consumables tracking
A Auto flow cell positioning

A Walkaway automation

Slide courtesy of Meghan Didier (Verogen)

22N] FE26Y C2NBY{Sliunu 5b! {AIYylIddNB tNBLI (Al
Step: Sequencing

Purpose: Sequence the PCR products

Note: we will not be covering how to set up a specific instrument, Ioadirjg the system, operational softwarg, etc.
CKAa A& O2@SNBR Ay OGNXAYAY3I YIGSNALFfAZ &a2Fidsé+ NB Wg

(Fluorescent) Sequencing by synthesis

A The library you created is hybridized to a flow cell

ALYRAGARdIZ £ &a0GN}IyR& ONBIGS WOt dzaliSNEQ (K
A Sequencing proceedme base per cycle

A Each A, G, C, T has a unique fluorescent dye attached
A Four images of the flow cell per cycle allows for the assignment of sequence at each cly

23



